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USER'S MANUAL FOR FSLIP-3,
FLEXSTAB LOADS INTEGRATION PROGRAM

Robert L. Sims
Dryden Flight Research Center

1.0 INTRODUCTION

In the last decade, computer programs for theoretical aerodynamic
analysis have evolved with increasing accuracy and sophistication. A
most useful output from these panel method programs is the prediction
of surface pressures on fairly arbitrary three dimensional configurations.
These surface pressures can be integrated to obtain total forces and moments
on complete configurations or airloads acting on individual vehicle
components.

The FLEXSTAB computer program system (references 1-4) is being
evaluated at NASA Dryden Flight Research Center for the prediction of
airloads on rigid and aeroelastic configurations. Predicted airloads
are being compared with wind tunnel and flight measured loads for a
variety of vehicles including the B-1 and Space Shuttle Orbiter (reference
5). An existing FLEXSTAB module called ALOADS was written to integrate
pressures to obtain airloads. However, certain restrictions in the ALOADS
module make it i11-suited for predicting airloads which are comparable to
many typical flight measured airloads. The most important restriction is
that the pressures are summed at a user-specified point relative to the
reference axis system which means the integration axis must be parallel to
the model centerline with no sweep angle. The ALOADS model is also limited
to symmetric flight conditions.

Because of these restrictions, a new follow-on integration program called
FSLIP was written which has expanded capabilities and flexibility. FSLIP
is generalized to work on any FLEXSTAB model with no restriction on the
type of case or definition of the integration axis system. The effective
area, bending arm, and torque arm for each panel can be individually defined.
FSLIP also has a built-in interface with the FLEXSTAB GDTAPE data base to
automatically generate the geometric integration data. Included in the
program is an option for computing airloads derived from Tinearized wind
tunnel coefficients for comparison to FLEXSTAB predicted loads.

This report consitutes the FSLIP program documentation and user's
manual. An outline of the computational tasks is followed by sections
describing the program's crganization, execution, detailed data input,
and output. Examples are included which illustrate the main program options.
A microfiche supplement contains a 1isting of the source code and reference
map.



2.0 SYMBOLS AND ABBREVIATIONS

The program assumes all varibles are input in U.S. Customary Units as spec-

ified below.
B

BP

b/?2

i3

i1 “i2°

ve Cge Cp

VBT

FS

bending moment airload, in-1bs
butt plane, in.
reference semispan of a load station, in.

shear, bending, and torque constants, respectively (eq. 7)

shear, bending, and torque airload coefficients (eq. 4, 5, and
6, respectively)

generalized airload coefficient (eq. 8-14)

reference chord of a load station, in.
fuselage station, in.

generalized airload (eq. 7)

rolling velocity, deg/sec, positive Teft wing up
pitching velocity, deg/sec, positive nose up
free stream dynamic pressure, psf

yawing velocity, deg/sec, positive nose right

radius at a slender body aerocentroid, in.

reference area of a load station, ft2

effective area of a panel, 1n2

torque airload, in-1bs
shear airload, 1bs

true velocity, ft/sec

waterline, 1in.

integration axis coordinate system



X X X

FWD> “AFT?> "MR

Xyr Yio Iy

N,

AXyTR

coordinates defining the origin of a thin body integration
axis system, in. (fig. 6)

effective centroid of a slender body panel, in.

coordinates defining a slender body integration, in. (fig. 8)
slender body local coordinate system

thin body local coordinate system

effective torque arm of a panel, in.

effective bending arm of a panel, in.

angle of attack, deg, positive nose up
angle of attack derivative, deg/sec, positive nose up
angle of sideslip, deg, positive nose left

symmetric horizontal tail deflection (GH

+6H )/2’ degs
positive trailing edge down L 'R

asymmetric horizontal tail deflection (GH -5H )/2, deg,
positive produces right roll L 'R

Tower rudder deflection, deg, positive trailing edge left
upper rudder deflection, deg, positive trailing edge left

left spoiler deflection, deg, negative trailing edge up
right spoiler deflection, deg, positive trailing edge up

differential pressure coefficient of a panel
horizontal tail moment transfer arm, longitudinal, in., (eq. 16)
effective longitudinal width of a slender body panel, in.

vertical tail root moment transfer arm, longitudinal, in.,
(eq. 18)



Byt horizontal tail moment transfer arm, lateral, in., (eq. 19)

AZ\1p vertical tail root moment transfer arm, vertical, in., (eq.19)
Ap sweep angle of a thin body integration axis system, deg
Subscripts:

AF aft fuselage

A/S asymmetric

c/o carryover effect

FF forward fuselage

LHT, RHT left and right horizontal tail

LW, RW Teft and right wing

SYM symmetric

UVT upper vertical tail

VT vertical tail

VTR vertical tail root



3.0 COMPUTATIONAL TASK DESCRIPTION

Sections 3.1, 3.2, and 3.3 outline the major computational tasks performed
by the program. Section 3.4 discusses the sign convention for the loads.

3.1 Pressure Integrated Loads

The primary program task is to integrate pressures on a finite number of
panels making up a single thin or slender body. The pressures are summed rel-
ative to an integration axis system to produce shear, bending, and torque loads
as follows:

Vo= § Q. ACP s, (1)
1
B = 3§ Z; ACP, o si - Y (2)

1

The integration geometry for each load station is stored on a data base for
repeated use. The pressure coefficients are stored on a separate data base for
each case to be processed. Each body may have a left and right hand side or be
a single body on the vehicle centerline. Thin bodies have a single ACP acting
normal to each panel. Slender bodies may have both a vertical and Tateral ACP.

The total integrated loads at each station are reduced to standard non-
dimensional form as follows:

c, = /(G5 (4)
CB=B/(ﬁ'5°b/2) (5)
Ct = T/(§+5-c) (6)

3.2 Additional Loads Option

Once the pressure integrated loads have been computed, a program option
allows a new load station to be defined which is a linear combination of pre-
viously defined loads. An additional load definition takes the generalized form

of a matrix equation: - -
‘11 G2 G
€y Chy C
= 21 ~22 23
[v B T:I = [COI Cop (303] + [Ll Ly« « o Li:l P (7)
| Ci1 G2 bia]




3.3 Wind Tunnel Loads Option

This program option computes airloads based on linearized coefficients de-
rived from wind tunnel or other load surveys., Table 1 Tists the aerodynamic
effects applicable to 5 types of load stations. The overall format is based on
the airload coefficients derived for the B-1 aircraft in reference 6. The total
load coefficients at each station are built up from the components as listed in
the generalized equations below. Particular attention should be paid to the
units and sign conventions for each component.

3.3.1 Wing station.-

Left side:

c Cu)
= C + ( - - 8
T VBTa=O CVBTa CVBT PAY CVBTdSp SPy

LW

" Syar pCS) CVBT (/QC ) (8L)

+ + + o B
CVBTBG:O “ver, (Cna'r C\/"BTBGL\/S)

Ra=0 o1
SYM A/S S
Right side: .
( o C‘ V)
- = + C o+ C + S
VBT, T VT T Sevrt T e, VA T G, Sspp
sp
R
- Cws’“ CVBT (&R)
1oer. o " Sar. "G "~ Spr 8
Ba=0 Ba=0 SaSY\I )
SYM A/S ' A/S



TADLE I.- AERODYNAMIC EFFECTS APPLICABLE TO COMPONENT LOADS

Horiz Vert Fwd Aft
Effect Wing tail tail fus fus
a =0 X X X X
o X X X X
& X X
B8 X X X
¢y (sym horiz tail defl) X
8g' (anti sym horiz tail defl) X X X
Sgp (spoiler defl) X X X
3gp c¢/o (horiz tail carryover) X
6ry (upper rudder defl) X
SRy, (lower rudder defl) X X
P (damping in roll) X X X X X
(damping in pitch) X X
R (damping in yaw) X
Ba=0A/S (wing) X
B a =0 Sym (wing) X
3aA/S  (wing) X
BoSym (wing) X
Ba =0 (vert tail) X
Ba (vert tail) X
B a =0 c/o (aft fus carrvover) X
Bac/o (aft fus carryover) X

X = Applicable aerodynamic effect




3.3.2 Horizontal tail station.-

Left side: )
a C
- HT
= C + a + C S+ C < ’H )
CVBTLHT VBT _, CVBTOL vt et 2,
+ al - ~
BT . ur T Gpr B ‘*\BTcS Ssp CVBT(S 6spR
H' sp " Sp
c/o
Ph QC
* Bt ( 7\?% Cavr < 7?) (9L)
p ' V¢ Q ' Yt
Right side:
a C
HT
= C + o+ C 5, + C_ ( - )
CVBTRHT VBT, _, Cvma B\/TSH OBV Vg
] ) 3 .
C\/’BTG S~ Cypr ©t Qg ‘SSPR CvBT. 6SPL
H' 8 Ssp *sp
c/o
D /
¢, (‘bH_T> . c (_Qii) (9R)
BT, \ 2V, VBT, 2V
3.3.3 Vertical tail station.-
C = + R +
VBT, , 8 8,
VT CVBTBOFO CVBTBQ Gyt b 7
C .
’ \BTésp(CSSPR * CSS.PL) " Sar. S (10)
°RU
Pb, 'Rb
T VT
" Cpr, Smt < d ) * (*)
T I 2 2V
- RL CVBTP v, CwaTR V.



3.3.4 Forward fuselage station.-

Vertical :

CupT, T Cuer _ “vet_ © (11)
Lateral

CupTp, CVBT8 B Ly, (Fizt%-) (12)

3.3.5 Aft fuselage station.-

Vertical :
“very. ~ Cusr _, * Cuer_ @ (13)
Lateral :
CupT) (CVBT%:g/O ' CVBTBOLC/OOL)B ' CVBTGH’ Spr CVBTéRL SRL
" Ly, (%A{—)+ “ver, ¢ (14)

The TOTAL vertical and lateral airloads at the aft fuselage station can be
computed by adding the tail induced components to the airloads on the aft
fuselage itself :

Vertical :
Var =y, 3 Sap)  Oiyr * Vewr) (15)
Bar = (Copp 9 Sap bap/2) + (Vi + Vpyr) axyp = (Tpr + Toyy) (16)
Lateral :
Var = (Cypp @ Spp) * Vypg (17)
Bar = (Cepp @ Sap bap/2) + Vyrp Sxyrp - Typp (18)



Tar = (CTap 9 Spp cpp) * Vyrg d2yrg + Byrg

t Vpgr = Vagp) vy + (Blyr - Boyp)

3.4 Sign Convention for Loads

Figure 1 shows the sign convention for positive shear loads. Note that
for thin bodies off the centerline, positive shear load is always in the di-
rection of the LOCAL Zy axis normal to the surface. For slender bodies off
the centerline, positive shears are always in the direction of the LOCAL M
and 7y axes. For all bodies on the centerline, positive shear is always to
the right.

Positive bending and torque Toads for the right side thin bodies obey the
right hand rule about the Tocal X and Y axes respectively (positive tip and
leading edge up). The left side axes are a mirror image of the right side.
For slender bodies, a program option allows the user to define the convention
for p?sitive bending moments (either nose up, nose right, tail up, or tail
right).

Plane of symmetry

Z
. A
(Rear view) Arrows indicate direction
of positive shear loads
——

~ > 7/

Figure 1. Sign convention for positive shear loads.
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4.0 PROGRAM DESCRIPTION

The FSLIP-3 program is written in FORTRAN Extended Version 4 (reference
7). Current length is 1535 statements including comments. A complete
listing of the source code with reference maps is included in a microfiche
supplement attach~d to the inside back cover.

4.1 Main Program Organization

The primary function of the main program is to control the execution
of subroutines which create or use various mini data bases. A simplified
flowchart of the main program is shown in figure 2. The program first reads
execution control information. If requested, an integration geometry data
base is next created by a call to the geometry option subroutine (GOPSR).
If no other options are requested, execution stops at this point. A call to
the wind tunnel option subroutine (WOPSR) creates a data base containing
wind tunnel load coefficients., Next, data describing each case (e.g. o, B8,
q, 85, etc.) are read in. If the pressure data is input on cards, the pressure
option subroutine (POPSR) is called to create this data base.

At this point (labeled A) all data input is complete and the program
proceeds with the computational options. A call to the integration option
subroutine (I0PSR) generates the pressure integrated Toads. If specified
on the geometry data base, this subroutine also computes any additional Tloads
defined as a linear combination of previously computed loads. If wind tunnel
derived loads are desired, the wind tunnel option subroutine (WOPSR) is called
again. At this point, all Toads have been computed and the only remaining task
s an option to print a summary of specified results in a very concise format.

4.2 Input/Qutput Data Flow

As just discussed, a set of subroutines creates or uses a number
of discrete disk files containing data required by the computational options.
Table 2 describes the function of each disk file allocated for data input or
output. The overall data flow between the subroutines is shown in figure 3
and is discussed below in terms of the primary program options, Specific
details of the unformatted disk files are provided in the DATA INPUT DESCRIP-
TION (sections 6.2, 6.3, and 6.5),

4.2.1 Geometry Option.- The surface/axis data file (Tape 20) provides the
foundation for the integration process. For each integration, this data base
contains the effective area, bending arm, and torque arm for each panel on the
specified body. The user has several means of creating the surface/axis data
file via subroutine GOPSR which is controlled by the geometry option parameter
(GOP). If GOP = 1, the file is assumed to exist and the subroutine is not
called. GOP = 2 indicates that trne file is copied from card input. GOP = 0
means the file is not input.

An initial run is usually made with GOP = 3 or 4 which uses the FLEXSTAB
GDTAPE. The user simply specifies the FLEXSTAB body along with the integration

11



12

READ
CONTROL
DATA

CREATE
GEOMETRY
DATA BASE?

CALL
GOPSR

OTHER
OPTIONS?

CREATE
WIND TUNNEL
DATA BASE?

READ
CASE
NDATA

CREATE
PRESSURE
DATA BASE?

ALL DATA INPUT COMPLETE

Figure 2.

PROCEED WITH
COMPUTATIONAL

OPTIONS

INTEGRATE
PRESSURES?

COMPUTE
WIND TUNNEL
LOADS?

v

PRINT
LOAD
SUMMARY

Main program simplified flowchart.
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TABLE 2.

INPUT/OQUTPUT DISK FILES

Logical
File Description
Name

Contains panel pressure coefficients, one file
TAPE 11 per case, up to 9 cases per job. These files
thru are normally copied from FLEXSTAB punched card
TAPE 19 decks.

Contains surface/axis geometry information for
TAPE 20 each load station on each thin or slender body.

This file is normally created from card input

and cataloged for later runs.
: FLEXSTAB GDTAPE - This permanent fiie can be
TAPE 30 accessed to automatically generate the surface/

axis geometry file (TAPE 20).

Contains airload coefficients for the wind tunnel
| derived loads option. There is usually a different
" TAPE 40 file for each Mach number/vehicle configuration.

; This file is normally created from card input and
cataloged for later runs,

| TAPE 50 Temporary internal scratch disk used by the inte-

L, gration option subroutine.

axis location and GOPSR automatically computes the data for each panel and

creates the data base.
of the integration definition.

punched on cards.

A printout is generated which Tists complete details

If GOP = 4, the surface/axis file is also

This option gives the user a means to manually override the
computed values on selected panels for special cases. The modified deck is

then rerun using GOP = 2.
and illustrated with an example in section 8.

This procedure is fully discussed in section 6.2

4.2.2 Pressure Option.- The panel pressure data are usually input from

FLEXSTAB punched card decks.

(POP)

unformatted disk file,

In this case, the pressure option parameter

= 1 which directs subroutine POPSR to copy each case to a separate

If desired, these files can be cataloged for later

runs where they are input directly using POP = 2. Pressure data from a
source other than FLEXSTAB could be processed if input in the same card
format or written directly to the disk files by the generating aerodynamic

program or an interface program,

4.2.3

[f no pressure data are to be input, POP = 0.

Integration Option,- Subroutine IOPSR processes each integration

definition on the surface/axis data file by calling subroutine SYNC which
searches the current pressure file for matching pressure data, If SYNC
cannot find pressure data for the specified body, a message is printed and
IOPSR proceeds to the next integration. The user can also individually
suppress any particular integration definition residing on the surface/

14



axis file. Any additional load definitions are processed after all
integrations have been completed for the first case. IOPSR then recycles
to repeat the process for any succeeding cases.

The user has two options when executing IOPSR which controls the printed
output. For IOP =1, a detailed Tisting is generated for each integration
which shows the area, arms, pressure coefficient, and loads for each panel
on the body. If I0P = 2, this detailed listing is suppressed and the loads
summary printout ontion must be used to printout the total integrated loads.
The case data ('ead from cards by the main program) are passed to IOPSR via
common and is optional. 1Its only function in IOPSR is to provide case

descriptiva data printed in the page header for each integration. If IOP = 0,

IOPSR is not called and no integrations are performed.

4.2.4 Wind Tunnel Option.- To compute wind tunnel derived airloads, sub-
routine WOPSR is initially executed with WOP = 2, which copies the load
coefficients from card input to the unformatted disk file. Future runs

are then made by using the file directly with WOP = 1. For either

option, the load coefficient data file is combined with the case describing
data to compute the airloads for each case. The wind tunnel loads printout
produces a listing of the coefficients and component loads for each aero-
dynamic effect.

For comparison purposes, a summary of the wind tunnel loads can be
printed out along with the pressure integrated load only if the integration
option is executed. The wind tunnel option can also be executed by itself
by setting GOP, POP, and IOP to zero. In this mode, only the standard
wind tunnel loads printout is generated. If WOP = 0, WOPSR is not called.
Creation of the wind tunnel data file is describeu in detail in section 6.3
and illustrated with an example in section 8.2.

4,3 Option Requirements

The input and computational options discussed above are listed in
detail in the input description for CARD 1 (section 6.1). The user can
individually select the form by which the data input files are created
or accessed and the computational options performed on these files.

In general, any combination of program options are allowed through
proper system control cards (see JCL section 5.1 and 5.2). The only
requirements are listed below.

1. Execution of the geometry option with GOP = 3 or 4
requires access to a FLEXSTAB GDTAPE (TAPE 30).

2. Execution of the integration option requires access to
both a surface/axis data file (TAPE 20) and a pressure
data file for each case (TAPE 11-19). Thus if either
GOP or POP = 0, IOP must = 0.

3. Execution of the wind tunnel option requires access
only to a airload coefficient file (TAPE 40).



4.4 Program Restrictions and Limitations

4.4,1 FLEXSTAB Dependent.- The FSLIP program was written to be compatible
with any FLEXSTAB GD model. Thus any restrictions in the GD module (ref.
2-4) also apply to FSLIP. While there is no limit on the number of bodies
defining a GD model, each slender body is limited to 100 control points and
each thin body is limited to 200 panels.

The most important restriction affecting FLEXSTAB jobs involves the use
of units. FSLIP assumes the aerodynamic model is defined in inches, thus
the units option in the GD module must be INCHES. FSLIP also assumes that
dynamic pressure is in PSF, thus the units option in the SDSS module must
be IN/FT or FT.

When interfacing with the GDTAPE (GOP = 3 or 4), FSLIP is compatible with
any GDTAPE except those produced by Level 3,02 FLEXSTAB. The GDTAPE file
structure for Level 3.02 was changed (reference 8) which affects the read
statements in GOPSR. There are two ways to circumvent this problem for the
user of Level 3.02 FLEXSTAB. The read statements in GOPSR can be changed
to be compatible with Level 3.02 or the user can maintain access to an
earlier Tevel GD module for creating a FSLIP compatible GDTAPE. Under the
FLEXSTAB system, the GDTAPE may contain multiple files with each file
defining a different GD model. FSLIP reads the currently positioned file,
thus if the user wishes to process other than the first file, appropriate
SKIP or COPY utilities should be used to position the desired file after
attaching the GDTAPE.

4.4,2 FSLIP Dependent.- Result arrays in FSLIP are currently sized to
handle up to 9 different pressure cases per run. The surface/axis data
file can contain up to 50 load stations to be processed for each case.
The pressure data is usually input from card decks punched by the SD &
SS module in FLEXSTAB. However, SD & SS is Timited to punching thin
body pressures only. If the user wishes to compute Toads on slender
bodies (such as fuselage loads), FSLIP has provisions for manually
adding the slender body force coefficients (computed by SD & SS) to the
thin body pressure decks. This procedure is described in section 6.5.

A very general restriction in FSLIP relates to the printed output
which makes extensive use of fixed field F formats. These fields have
been sjzed to handle physically realistic problems, and thus should not
present a practical Timitation. Specific restrictions related to the
dﬁtai1ed card input is discussed in the DATA INPUT DESCRIPTION (section
6).

16



5.0 PROGRAM EXECUTION

FSLIP is presently operational on DFRC's CDC Cyber 73 computer.
The program has been executed using both the SCOPE and NOS operating
systems. Section 5.1 describes the Job Control Language (JCL) required
fer the SCOPE 3.4 operating system (reference 9). Section 5.2 contains
the JCL required for the NOS 1.4 operating system (reference 10).
5.1 SCOPE JCL

To execute the FSLIP program using SCOPE, the following system control
cards are required:

1. Job Card.

XXXXX,T300,FTN,YYYY,
ATTACH(LGO,FSLIP3,ID=SIMS ,MR=1)
REQUEST(TAPEXX,*PF)
ATTACH(TAPEXX,YYYYYYY,ID=7777 ,MR=1)
MAP (OFF)

LGO(PL=10000)
CATALOG(TAPEXX,YYYYYYY,ID=2777)
7/8/9 End of file card

Data Input Deck

6/7/8/9 End of job card

W 00 ~N O 1 &= w N
® & e e e e =

— —
- O
.

NOTES:

Card 1 - Estimated wall clock time of 2 to 5 minutes should be sufficient
for most jobs.

Card 2 - XXXXX = User's Job Name
YYYY = Subtask number

Card 4 - These two cards are included for each data file to be input on
and 8 cards and cataloged for use in later runs.

XX = 11 For pressure data file, case 1
12 " " n 1] . Case 2
13 n Hi 1} (1] . Case 3
14 L1 " " n s Case 4
15 H [ [} H . Case 5
16 n it 11 1] . Case 6
17 (1] n n n . Case 7
18 11t n 1 " . Case 8
19 n 1] n H] . CaSE 9

20 For surface/axis data file
40 For wind tunnel data file
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YYYYYYY = Permanent File Name
2777 = Owner I.D.

Card 5 - This card is included for each previously cataloged data file

to be accessed for job execution. The parameters XX, YYYYYYY,
and ZZ7Z7 are the same as for CARD 8, with the addition:

XX = 30 for the FLEXSTAB GDTAPE

Card 7 - For large jobs, the print 1imit may have to be increased. See

section 7.1 for estimating amount of printout.

5.2 NOS JCL

To execute the FSLIP program using NOS, the following system control
cards are required:

NOTES:
Card 2
Card 3

Card 4
Card 6

Card 7

18

Job Card

XXXXX,T300,

USER(XXXX,YY)

CHARGE (XX,YY,FTN)
ATTACH(LGO=FSLIP3/UN=SIMS)
DEFINE(TAPEXX=YYYYYYY/CT=SPRIV)
ATTACH(TAPEXX=YYYYYYY)
LDSET(PRESET=ZERO)

MAP (OFF)

LGO(PL=10000)

7/8/9 End of file card
Data Input Deck

6/7/8/9 End of job card

O 00 N O O B W N =
- »

—_ e =
w N = O
. . . .

XXXXX = User's Job Name
XXXX = User's name

YY = User's password
XX,YY = Subtask number

This card replaces cards 4 and 8 defined above for SCOPE with
the same XX and YYYYYYY parameters.

This card replaces card 5 defined above for SCOPE with the same
XX and YYYYYYY parameters.



5.3 CM and CP Time Requirements

FSLIP requires a maximum execution field length of approximately
Execution CP times are very problem size dependent

115K octal words.

but relatively quick.

6.0 DATA INPUT DESCRIPTION

Most average size jobs run in 10 to 20 CP seconds.
The largest size jobs may require approximately 100 CP seconds.

This section contains a detailed description of the card input deck

required for execution,
which is broken down into 5 major sections.
control data defined with card types 1 through 4.
axis data file (card types 5 through 11).
file (card types 12 through 15).
containing case description data.

Figure 4 illustrates the overall card deck structure
Section 6.1 contains program

Section 6.2 is the surface/
Section 6.3 is the wind tunnel data
Card types 16 through 18 make up section 6.4
Section 6.5 is the pressure data file (card
types 19 through 24) which is repeated for each case to be processed.

Section

CARDS
19-24 )

\ -

=

Figure 4.

Overall card deck structure.
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6.1 is aiways required for execution. Sections 6.2, 6.3, 6.4, and 6.5 are
optional depending on the input options defined on CARD 1. tach of the five
major sections are described separately,

6.1 Program Control Data (CARDS 1-4)

The card arrangement for the program control data is shown in figure 5,
Particular attention should be paid to the option control parameters on CARD 1
as they affect most of the downstream cards. CARDS 2A and 2B control which in-
tegrated and wind tunnel Toads are computed. CARD SET 3 controls the summary
print option,

In the detailed card descriptions that follow, each data field is Tisted
with its card columns, format, descriptor name, and explanation. In addition,
4 columns labeled R, S, I, and W denote the major computational options listed
on CARD 1 as the Repunch option, Section data option, Integration option, and
Wind tunnel option. The Repunch and Section data options are not currently in-
corporated in FSLIP but have been included for compatibility reasons because
several input fields have been allocated for varibles that apply only to the
Repunch or Section data options. If an X appears in a particular cc.umn, it
signifies that the varible applies to that option and should be defined. If
the column is blank, the varible does not apply to that option and the field
may be left blank., If an I appears in the column, it denotes a varible that is
not used in any computation but provides information that will be printed as
part of the page headers.

SUMMARY PRINT TERMINATOR 4

SUMMARY PRINT OPTION

WIND TUNNEL LOADS SELECTION

INTEGRATED LOADS SELECTION 2A

OPTION CONTROL 1

Figure 5. Card arrangement for the program control data.
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CARD 1 - OPTION CONTROL.
Note: The following options are not currently available:
ROP=1, ROP=2
SOP=1
C-C | FORMAT | DESCRIPTOR EXPLANATION
10 I1 GOP Geometry input option.
= 0 : Surface/axis data not input,
= 1 : Data on disk (TAPE20).
= 2 : Data read from cards, copied
to disk.
3 : Data computed from input and
GDTAPE (TAPE30).
= 4 : Data computed and punched from
input and GDTAPE (TAPE30).
20 [1 POP Pressure data input option.
= 0 : Data not input.
= 1 : Data on cards (punched by SN&SS)
= 2 : Data on disk (TAPE11-19).
30 Il ROP Repunch pressure data option.
= 0 : Not desired.
= 1 : Repunch ACP data with new x/c's.
= 2 : Punch non-FLEXSTAB ACP data.
40 I1 SOP Section data option,
= (0 : Not desired,
= 1 : Section data computed.
50 I1 Iop Integration option,
= (0 : Not desired.
= 1 : Integrate pressures and print
panel by panel details.
= 2 : Integrate pressures but suppress
panel by panel details. Summary
print option (CARD SET 3) must
be used to print loads.
69 I1 WoP Wind tunnel loads option.
= 0 : Not desired.
= 1 : Compute wind tunnel loads-
coefficients on disk (TAPE4D).
= 2 : Compute wind tunnel loads-
coefficients read from cards,
copied to disk,
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CARD 2A -

INTEGRATED LOADS SELECTION.

OMIT this card if IOP=0 (CARD 1).

The card column number corresponds to the load station number
defined on CARD 6 or 10. One column for each Toad station -
up to 50 maximum,

Applies to all cases processed in this job.

C-C

FORMAT

DESCRIPTOR

R

S

I

W

EXPLANATION

1-50

50L1

WGI

X

Load station selection.

1

T : Loads at this station will be
computed.

F (or blank) : Loads at this station
will NOT be computed.
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CARD 2B -

WIND TUNNEL LOADS SELECTION,

OMIT this card if WOP=0 (CARD 1).

The card column number corresponds to a particular load as
listed in the table below. One column for each load -
up to 14 maximum,

Applies to all cases processed in this job.

C-C | FORMAT | DESCRIPTOR | R} S| I | W EXPLANATION
1-14 1411 WGW X | Wind tunnel loads selection.
= T : Loads at this station will be
computed.

F (or blank) : Loads at this station
will NOT be computed.

Load assignments:

Wind tunnel

Surface number

Toad number| (WTN on CARD13) Description
(WLN)
1 1 Wing loads - total.
2 1 Wing loads - without o=0 term.
3 2 Horizontal tail loads - total.
4 2 Horizontal tail loads - without a=0 term.
5 3 Vertical tail loads - upper.
6 4 Vertical tail loads - root.
7 5 Forward fuselage - vertical loads.
8 5 Forward fuselage - lateral loads.
9 6 Aft fuselage - vertical loads on fuselage itself.
10 6 Aft fuselage - tail induced vertical loads.
11 6 Aft fuselage - total vertical loads.
12 6 Aft fuselage - lateral loads on fuselage itself.
13 6 Aft fuselage - tail induced lateral loads.
14 6 Aft fuselage - total lateral Toads.
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CARD SET

3 -  SUMMARY PRINT OPTION.

A one page summary is produced for each load station

specified.

One card per load station - up to 50 maximum.

C-C | FORMAT | DESCRIPTOR RIS I | W EXPLANATION

1-2 12 SPI X Load station number (SAN on CARD 6
or 10). Can be an integrated or
additional Toad.

6-7 12 SPW X1 Wind tunnel load number (WLN=1,14),
If a wind tunnel Toad is computed
that corresponds to the specified
SPI, it can be printed along with
the SPI load. SPW should not be
specified unless SPI is non-zero.

CARD 4 -  SUMMARY PRINT TERMINATOR.
This blank card signifies the end of program control data
and is always included.

C-C | FORMAT | DESCRIPTOR [ RIS | I W EXPLANATION

1-2 12 - XX X]X Leave columns blank or zero.

6-7 12 - X1 X[ X]|X] Leave columns blank or zero.
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6.2 Surface/Axis Data File (CARDS 5-11)

This card section is used to create the surface/axis data file when GOP =
3, or 4, Once the file has been created, this card section is omitted from th
input deck if GOP = 0 or 1. Some general usage guidelines are presented here
followed by the detailed card input descriptions.

UnTike the FLEXSTAB ALOADS module, FSLIP applies an integration specifi-
cation to one thin or slender body at a time. More than one integration can
be specified for a particular body. For each integration, the data file
contains the effective area, bending arm, and torque arm for each panel on
the specified body. Two methods are available for creating the data file
which are discussed separately in sections 6.2.5 and 6.2.6.

6.2.1 Thin body integrations,- Figure 6 shows an example of the integration
geometry for a typical thin body. The panel coordinates are originally
defined in the local thin body coordinate system (XN,YN) as established in

the FLEXSTAB GD module. An arbitrary load station is defined by the coordin-
ates Xpg, Ypp and sweep angle Ap which determines the bending (XA) and torque
(Yn) axes. The bending axis may cut through certain panels with the effective

2,
e

area of each panel normally taken as that pcrtion outboard of the bending axis.

The effective bending and torque arms are measured normal to the axes from the
effective panel centroid. Note that a panel centroid aft of the torque axis
produces a negative torque arm,

Yp (Torque axis)

//41\\ Negative

Torque arm-

Uniform pressure assunned
p ‘ Panel 29

over each panel

Effective area-
Panel 11

).
/\// //>

[ond1ng arn-

ALY N

A (Bending axis)

‘-<

XAU

—~> X

Local thin body coordinate systiem N

Figure 6. Integration geometry for thin body loads.
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When executing GOP = 3 or 4, the geometry subroutine 1il11 automatically
compute the effective panel geometry as described abuve. A1l panel areas
inboard of the bending axis are set to zero. If the user wishes to override
any computed values, the punched deck from GOP = 4 should be modified and
resubmitted using GOP = 2,

6.2.2 Hinge moment integrations.- Control surface hinge moments can be com-
puted as a special class of thin body integrations as shown in figure 7. In
this case, the torque axis is aligned with the hinge axis of an aileron made
up of 9 panels. If the effective areas of all the non-aileron panels is set
to zero, the torque integration is equivalent to the hinge moment.

When executing the automatic geometry option, the bending axis should be
Tocated inboard of the aileron panels so that the total area of the 9 panels
is computed. Note, however, that the geometry subroutine will also compute
a non-zero area for all panels outbcard of the bending axis. The user should
correct the punched deck (from GOP = 4) by setting the areas of all non-aileron
panels to zero. The modified deck is then input using GOP = 2.

YA (Torque axis)
Negative
Torque arm-
Panel 35

Torgue axis aligned
with hinge axis

Positive hinge moment is
trailing edge down

Ya = X, {Bending axis)
13 14 |15 ll16 \17

R
CTORE

Ao

Ay

Figure 7. Integration geometry for hinge moments.
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6.2.3 Slender body integrations - An example of the integration geometry for
a slender body is shown in fiqure 8. Slender bodies are defined by a series of
aerocentroids lying along the Tocal slender body XM axis. Each aerocentroid
has a radius Ry and interval Axj which form the equivalent of panels within one
row. Both vertical and lateral force coefficients can exist at each aerocen-
troid. The bending axis Yp is established at a point along the Xy axis. The
torque axis Xp 1s assummed to be coincident with the Xy axis which implies that
torque loads are not normally computed for simple slender bodies.

When executing the automatic geometry option, the integration geometry is
determined in a manner unique to slender bodies. First, an integration inter-
val is established by the coordinates Xpyp and Xapy. Al1 panel areas outside
of this interval are set to zero. Effective panel areas within the interval
are computed as shown on the figure. The bending axis location is specified
by the coordinate Xys which is independent of Kryp @nd XAFT.  Bending arms are
computed from the migpoint of the effective paney area. The parameter MRC
controls the sign convention for positive bending moments.

The example shown in the figure represents an integration definition for
computing vertical loads at a forward fuselage station. An identical integra-
tion definition could be applied separately to compute lateral loads. Other
types of load stations can be established by defining appropiate locations to
Arups XpfT> and Xmp. Aft fuselage loads could be defined by placing Xpyp and
XMR at tEe lToad station and placing X FT at any point aft of the Tast panel
area. Loads on the complete slender éody could be defined by placing XfruwD
ahead of the first panel and placing XAFT aft of the last panel. Bending
moments (equivalent to a pitching moment) would be summed about Xwp which
could be placed at the body quarter chord or center of gravity.

Y1 YA (Bending axis)
lr A
< - (Top view)
—» <—Ax3
== =
- R3 <) /-—— Equivalent panels
4 T
~
///:/// ~.
— . P L < >
}‘é 3 7 5 6 == M A
—
P
~ S (L/
. - —
L4 =
—""l €— Bending arm- Pancl 3
€— Bending arm- Panel ?
‘ .
Limits of integration Effective area S]. B2 AX R
BAIGY, = MRC (X=X )
Xeun i ! e
X M€ = 1.0 for positive nose up
MR MRC =-1.0 for positive teil up

Figure 8. Integration geometry fcr siender body loads.
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6.2.4 Additional load definitions.- This option is used to define any addition-
al Toads that are a Tinear combination of previously integrated loads. To illus-
trate the general setup, a simple example is shown in figure 9. The total shear
and bending at a aft fuselage station (L7,L8) are to be computed. These loads

are generated from the integrated loads on the aft fuselage itself (Ll’LZ) and
the horizontal tail root loads (L3-L6). The component factors are assembled 1in
matrix form as shown below. Each row of the matrix is read in using CARD SET 11,

Figure 9. Additional Toad example.

1 Aft fuselage vertical shear

|_=
L2= Aft fuselage bending
L,= Horizontal tail shear, left

3
L4= Horizontal tail shear, right

L5= Horizontal tail torque, left

L6= Horizontal tail torque, right

Total aft fuselage shear = 7= L1 + L3 + L4

L
Total aft fuselage bending= L,= L, + Ax-L3 + AX'L4 - L5 - L6
Total aft fuselage torque = L
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~ -
1 0 0 CARD 11.1
0 1 0 CARD 11.2
E-7 Ly ng — |:L1 L Ly Ly L L6:] 1 AX 0 CARD 11.3
1 AX 0 CARD 11.4
0 -1 0 CARD 11.5
0 -1 0 CARD 11.6

Shear factors -——f l

Bending factors
Torque factors

6.2.5 Card input for GOP = 2. - The card arrangement for the surface/axis

data file if GOP = 2 is shown in figure 10, Under this option, each inte-
gration is defined on a panel by panel basis. In fact, each card record is
directly copied to the unformatted disk file (TAPE 20). For each integration
definition, the card sequence - CARD 6, CARD 7, CARD SET 8 - 1is repeated.
Within this sequence, CARD 7 and CARD SET 8 is repeated for each row on the
body. The order of the integration definitions is arbitrary. More than one
integration may be specified for a particular body. The format is the same
for both thin and slender bodies.

After all integraticns are specified, any additional Tloads are defined.
The card sequence - CARD 10, CARD SET 11 - is repeated for each additional
load definition. Note that CARD 9 is not used in this deck.

6.2.6 Card input for GOP = 3 or 4., - A different card arrangement is used
for this option as shown in figure 11. The deck format is essentially the
same except that all of the row and panel data cards for a given integration
are roplaced by a single card which specifies the integration axis. CARD 9A
is used for thin bodies and CARD 9B is used for slender bodies. The gecmetry
subroutine will then interface the axis data with the FLEXSTAB GDTAPE and
automatically generate the row and panel data. Any additional load defin-
itions follow the integration definitions as before. The disk file created
by this option is identical to that for GOP = 2,
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30

| REMAINING ADDITIONAL LOADS 10/11
FIRST | COMPONENT FACTORS 11
AUDITIONAL
LOAD LOAD STATION DATA 10
/
=
REMAINING INTEGRATIONS 6/7/8
FIRST
INTEGRATION _REMAINING ROWS
PANEL DATA J
FIRST ROW DATA g
LOAD STATION DATA 6
NUMBER OF LOAD DEFINITIONS 5 il

Figure 10. Card arrangement for the surface/axis data file if GOP = 2.




REMAINING ADDITIONAL LOADS

FIRST COMPONENT FACTORS
ngéTIONAL LOAD STATION DATA

£

L

REMAINING INTEGRATIONS 6/9

SLENDER BODY
INTEGRATION & ]

SLENDER BODY AXIS DATA 8B

LOAD STATION DATA

6

THIN BODY 7~ [ THIN BODY AXIS DATA

9A

INTEGRATION LOAD STATION DATA

NUMBER OF LOAD DEFINITIONS

Figure 11. Card arrangement
if GOP = 3 or 4.

CARD 5 -~ NUMBER OF LOAD DEFINITIONS.

for the surface/axis data file

If GOP=0 or 1, OMIT this card section and skip to CARD 12.

The total number of load definitions (NSAD+NALD) must not

exceed 50.

+~C | FORMAT | DESCRIPTOR RIS I| W

EXPLANATION

1-2 1 12 NSAD X Number of integrations defined with
card sequence 6-7-8 (if GOP=2) or
card sequence 6-9 (if GOP=3 or 4).

31-32 12 NALD X Number of additional loads defined

with card sequence 10-11.
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If GOP=2,

the card sequence - CARD 6, CARD 7, CARD SET 8 - is repeated
for each integration definition (NSAD times).

[f GOP=3 or 4, the card sequence - CARD 6, CARD 9 - 1is repeated for each

integration definition (NSAD times).

CARD 6 -  LOAD STATION DATA.
C-C | FORMAT [ DESCRIPTOR | RIS} I | W EXPLANATION
1-2 I2 SAN X Unique number assigned to this load
station (1 to 50).
5-20 474 SANAME X Name given to this load station.,
23-30 2A4 SABODY X Name of body associated with this
load station. Must match exactly
(left justified) with a CPBODY
name defined in pressure data
files (CARD 22), These are the
body names used in the GD program,
2 11 ITC X Integration type code.
= 1 : Slender body - vertical load.
= 2 : Slender body - lateral load.
= 3 : Thin body.
36 I1 SC X Symmetry code.
= () : Body off centerline.
= 1 : Body on centerline,
(can leave blank if GOP=3 or 4).
39-40 I2 NR X Number of rows on body.
Always = 1 for slender bodies.
(can leave blank if GOP=3 or 4),
41-50 | F10.0 SREF X Reference area (square feet).
Default = 1.0
51-60 | F10.0 BREF X Reference semispan (bending arm).
Default = 1.0 (inches).
61-70 | F10.0 CREF X Reference chord (torque arm).
Default = 1.0 (inches).
71-80 | F10.0 CAVG X Average chord (inches).
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CARD 7 - ROW DATA.
The card sequence - CARD 7, CARD SET 8 - is repeated for each
row on the body (NR times- CARD 6).
C-C | FORMAT | DESCRIPTOR | R W EXPLANATION
1-2 12 RN Row number.
3-10| F8.0 ETA Nondimensional semispan station.
11-20{ F10,0 YL Y coordinate in local system of
row centroid (inches).
29-30 12 NP Number of panels in row.
31-40| F10.0 CROW Chord of row at centroid (inches).
CARD SET 8 - PANEL DATA.
Contains NP cards, one card for each panel on row,
leading to trailing edge,
C-C FORMAT | DESCRIPTOR | R W EXPLANATION
1-10 215 PN Panel index.
1st integer = row number.
2nd integer = panel number.
11-20 ] F10.0 SP Effective panel area outboard of
Joad station (square inches).
If entire panel is inboard of
bending axis, set SP = 0.0 .
21-30| F10.0 BARM Effective bending arm of panel (in.).
31-40} F10.0 TARM Effective torque arm of panel (in.) .
(positive for effective panel
centroid ahead of torque axis),
!
é 41-50 | F10.0 XCN i X New value of x/c, nondimensional x
' coordinate of panel aerocentroid,
for repunch option.
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CARD 9A -  THIN BODY AXIS DATA.

C-C | FORMAT | DESCRIPTOR R[S} T | W EXPLANATION

1-10 | F10.0 XAZ X X coordinate in local system of
integration axis origin (inches).

11-20{ F10.0 YAZ X Y coordinate in Tocal system of
integration axis origin (inches).

21-30 | F10.0 LAD X Sweep angle of intecration axis (deq).

CARD 9B -  SLENDER BODY AXIS DATA.

C-C | FORMAT | DESCRIPTOR {R S | I {W EXPLANATION

1-10 | F10.0 XFWD X X coordinate in local system of
forward 1imit of integration (inches).

11-20 | F10.0 XAFT X X coordinate in local system of
aft limit of integration (inches).

21-30 | F10.0 XMR X X coordinate in local system of
moment reference point (inches).

31-40 | F10.0 MRC X Moment reference sign convention.

1.0 : Positive nose up or to right.
-1.0 : Positive tail up or to right.




The card sequence - CARD 10, CARD SET 11 - is repeated for each
additional load definition (NALD times - CARD 5).

CARD 10 - LOAD STATION DATA.
C-C | FORMAT { DESCRIPTOR EXPLANATION
1-2 12 SAN Unique number assigned to this
Toad station (1 to 50).
5-20 4A4 SANAME Name given to this load station.
33 I1 ITC Integration type code.
= 4 : Additional load.
36 Il SC Symmetry code.
= (0 : Load station off centerline.
= 1 : Load station on centerline.
38-40 13 NT Number of component loads defined
with CARD SET 11.
41-50 | F10.0 SREF Reference area (square feet).
Default = 1.0
51-60 { F10.0 BREF Reference semispan (bending arm),
Default = 1.0  (inches)
61-70 | F10.0 CREF Reference chord (torgue arm).

Default = 1.0  (inches)




CARD SET 11 -

COMPONENT FACTORS.

Repeated NT times - CARD 10.

C-C

FORMAT

DESCRIPTOR

EXPLANATION

1-2

12

CN

Load station number (SAN) of this
component (1 to 50).

If CN =0, VFAC, BFAC, and TFAC
contain simple constants added to
additional load. Leave CL,CT blank,

I1

CL

Component location.

1 : Left side.
2 : Right side,
3 : Centerline,

u ot

10

I1

CT

Component type.

1 : Shear load.
2 : Bending load.
3 : Torque load.

11-20

F10.3

VFAC

Shear factor for this component.

21-30

F10.3

BFAC

Bending factor for this component.

31-40

F10.3

TFAC

Torque factor for this component.

If the geometry

NOTE :

If SC=0 (on CARD 10),

define the left hand components only.

Both left hand and right hand loads will be computed

automatically.

If SC=1 (on CARD 10), additional load station is on centerline
which means left hand, right hand, and centerline loads can be
specified as components.

input option

is the only option requested

(POP=ROP=SOP=10P=WOP=0), the remaining CARDS 12-24 are omitted
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6.3 Wind Tunnel Data File (CARDS 12-15)

The card arrangement for the wind tunnel data file is shown in figure 12.
These cards are included only if WOP = 2 on CARD 1. The card sequence -
CARD 13, CARD SET 14 - 1is repeated for each of 6 possible load stations. Any
station that is not applicable to the configuration is simply omitted. For
each station, CARD SET 14 contains 15 cards which define the airload coeffi-
cients as specified in tables 3 thru 7. Two separate sets of coefficients
can be entered for the vertical tail.

EOF TERMINATOR 15

AFT FUSELAGE  LOAD STATION DATA 13

— - -
—_———————————————————————
AIRLOAD COEFFICIENTS 14,1-14,

FORWARD FUSELAGE  LOAD STATION DATA

o

AIRLOAD COEFFICIENTS
VERTICAL TAIL - ROOT  LOAD STATION DATA

13

I AIRLOAD COEFFICIENTS 14.1-14.15 J
VERTICAL TAIL - UPPER LOAD STATION DATA 13 ?
I
M|}
AIRLOAD COEFFICIENTS 14,1-14,15 NI ﬁ
HORIZONTAL TAIL LOAD STATION DATA 13 Mt i
it il
p= ‘W )
i AIRLOAD COEFFICIENTS 14.1-14.15 J L
WING  LOAD STATION DATA 13 [ |
it Iy
DECK IDENTIFICATION 12 ;mﬁ —
i
il
i
_J’

Figure 12. Card arrangement for the wind tunnel data file.
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If WOP=0 or 1

, OMIT this card section and skip to CARD SET 16.

CARD 12 - DECK IDENTIFICATION.
C-C FORMAT | DESCRIPTOR EXPLANATION
1-72 18A4 WID Wind tunnel deck identification.

(ATpha-numeric)
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The card sequence - CARD 13, CARD SET 14 is repeated for each of the 6
possible Toad stations to be defined.

CARD 13 -

LOAD STATION DATA.

C-C

FORMAT

DESCRIPTOR

R

EXPLANATION

1-2

I2

WTN

Load station number,

: Wing.

: Horizontal tail.

: Vertical tail - upper.
: Vertical tail - root.
: Forward fuselage.

: Aft fuselage.

{1 | | O | B | I
Y Ct =W\ —

5-20

4A4

WTNAME

Name given to this load station.

21-30

F10.0

SWT

Reference area (square feet).

- 31-40

F10.0

BWT

Reference semispan (inches).

| 41-50

F10.0

CWT

Reference chord (inches).

53-59

F7.0

XHT

Horizontal tail, longitudinal
moment transfer arm (inches).
(Ax between horizontal tail and
aft fuselage load stations)

. 60-66

F7.0

YHT

Horizontal tail, Tateral

moment transfer arm (inches).
(ay between horizontal tail and
aft fuselage load stations)

XVT

Vertical tail root, longitudinal
moment transfer arm (inches).

(Ax between vertical tail root and

aft fuselage load stations)

74-80

INT

Vertical tail root, vertical
moment transfer arm (inches).

(Az between vertical tail root and

aft fuselage load stations)

NOTE ¢

XHT, YHT, XVT, and ZVT are defined for the aft fuselage
load station only (WTN=6). Refer to equations 16, 18, and 19.
Leave blank for other Toad stations,
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CARD SET 14 -

AIRLOAD COEFFICIENTS.

40

Contains 15 cards as specified in : Table 3 - Wing station
Table 4 - Horizontal tail station
Table 5 - Vertical tail
Table 6 - Forward fuselage station
Table 7 - Aft fuselage station
c-c | FORMAT [ pEscrIPTOR 'R I's |1 [ EXPLANATION |
1 TR I - —
6-10 . I5 NSEQ . X . Component sequence number,
© (See tables)
11-20 E10.2 cv X Shear coefficient for this
component effect.
21-30 E10.2 CB X = Bending coefficient for this
component effect.
31-40 E10.2 CT X Torque coefficient for this
component effect. ‘
43-63  3A7 DES X . Descriptive name (Alpha-numeric) ‘
of this component effect.
(See tables)
64-80 Not - ;X' These columns are available to the %
read i | P i user for a deck ID. j
L oo T .
TABLE 3. AIRLOAD COEFFICIENTS FOR TABLE 4. AIRLOAD COEFFICIENTS FOR
WING STATINN HORTZONTAL TATL STATION
WTN=1 Refer to eguation 8. WTN=2 Refer to equation 9.
CARD [NSEQ| DES (Component effect) CARD lNSEQ; DES (Component effect)
14.1 | 101 | ALPHA =10 14.1 201 ALPHA =0
14.2 | 102 | ALPHA 14.2 202 ALPHA
14.3 | 103 | ALPHA DOT 14,3 203 DELTA H
14.4 | 104 | DELTA SPOILER 14.4 204  ALPHA DOT
14.5 | 105 | ROLL DAMPING, P 14.5 205 BETA
14.6 | 106§ PITCH DAMPING, Q 14.6 206 DELTA H PRIME
14,7 {107 | BETA, ALPHA=9, A/S 14.7 207  DELTA SPOILER
14.8 | 108 | BETA*ALPHA, A/S 14.8 208 DELTA SPOILER C/0
14,9 | 109 | BETA, ALPHA=0, SYM 14,9 209  ROLL DAMPING, P
14,10 { 110 | BETA*ALPHA, SYM 14,10 210 PITCH DAMPING, Q
14,11 1 111 | BLANK FILLER,NOT USED 14,11 211  BLANK FILLER,NOT USED
''14.12 | 112 | BLANK FILLER,NOT USED 14,12 212  BLANK FILLER,NOT USED
© 14,13 | 113 BLANK FILLER,NOT USED 14.13 213  BLANK FILLER,NOT USED
t 14,14 | 114 | BLANK FILLER,NOT USED 14.14 214  BLANK FILLER,NOT USED
14.15] 115 | BLANK FILLER,NOT USED 14.15 215~ BLANK FILLER,NOT USED




TABLE 5. AIRLOAD COEFFICIENTS FOR
UPPER VERTICAL TAIL STATION

WTN=3 Refer to equation 10.
CARD INSEQ| DES (Component effect)

14,1 | 301 | BETA, ALPHA=0

14,2 | 302 | BETA* ALPHA

14,3 | 303§ DELTA H PRIME

14.4 | 304 | DELTA SPOILER

14.5 | 305 | DELTA RUDDER, UPPER
14.6 | 306 | DELTA RUDDER, LOWER
14,7 | 307§ ROLL DAMPING, P

14.8 | 308 | YAW DAMPING, R

14,9 1 309 | BLANK FILLER,NOT USED
14.10| 310} BLANK FILLER,NOT USED
14,11 311 | BLANK FILLER,NOT USED
14,12 312 | BLANK FILLER,NOT USED
14,13 | 313{ BLANK FILLER,NOT USED
14.141 314 | BLANK FILLER,NOT USED
14.15| 315| BLANK FILLER,NOT USED

Airload coefficients for the vertical tail root station are input using
the same format as TABLE 5 with NSEQ numbers in 400 series. Vertical tail
root loads should be defined if tail induced lateral loads at the aft
fuselage station are to be computed.

TABLE 6. AIRLOAD COEFFICIENTS FOR TABLE 7. AIRLOAD COEFFICIENTS FOR
FORWARD FUSELAGE STATION AFT FUSELAGE STATION
WTN=5 Refer to equations 11&12 WTN=6 Refer to equations 13&14
CARD |{NSEQ| DES (Component effect) CARD |NSEQ} DES (Component effect)
14,1 | 501 | ALPHA=0 (VERTICAL) 14.1 | 601{ ALPHA=0 (VERTICAL)
14,2 | 502 | ALPHA (VERTICAL) 14.2 | 602 | ALPHA (VERTICAL)
14.3 | 503 | ROLL DAMP, P (LAT) 14.3 | 603 | BETA,ALPHA=0,C/0(LAT)
14.4 | 504 | BETA (LATERAL) 14.4 | 604 BETA*ALPHA,C/0 (LAT)
14.5 {505 | BLANK FILLER,NOT USED 14.5 | AN5| DELTA H PRIME (LAT)
14.6 | 506 ¢ BLANK FILLER,NOT USED 14.6 | 606 { DELTA RUD, LOWER(LAT)
14.7 | 507 | BLANK FILLER,NOT USED 14,7 | 6071 ROLL DAMPING, P (LAT)
14,8 | 508 ; BLANK FILLER,NOT USED 14,8 { 608 | BETA (LATERAL)
14,9 | 509 ¢ BLANK FILLER,NOT USED 14,9 { 609 | BLANK FILLER,NOT USED
14,10 . 510 { BLANK FILLER,NOT USED 14.10| 610 ; BLANK FILLER,NOT USED
14.11§ 511 1 BLANK FILLER,NOT USED 14,111 611} BLANK FILLER,NOT USED
14.12§ 512 | BLANK FILLER,NOT USED 14,12} 6121 BLANK FILLER,NOT USED
14,13 { 513 | BLANK FILLER,NOT USED 1 14,13 613 | BLANK FILLER,NOT USED
14.14 | 514 | BLANK FILLER,NOT USED 14.14 | 614 | BLANK FILLER,NOT USED
14,15 5151 BLANK FILLER,NOT USED 14.15} 615| BLANK FILLER,NOT USED
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CARD 15 - EOF TERMINATOR.

Terminates wind tunnel data file.

C-C | FORMAT | DESCRIPTOR | R|S|I {W EXPLANATION

1 - EOF X1 7-8-9 multipunch,

[SOUSIPT SO

6.4 Case Description Data (CARDS 16-18)

The card arrangement for the case description data is shown in figure
13.  CARD SET 16 defines aerodynamic parameters (a,B, etc.) describing
each specific case to be processed. It is required for execution of the
wind tunnel option (WOP = 1 or 2). For the integration option, it provides
printout header information only, and is optional. (Alpha, beta, and Qbar
values only are obtained from the pressure data files for the integration
option.) CARD SET 16 contains one card for each parameter to be defined
for each case. However, to minimize the card count, an automatic recycle
feature is incorporated that works as follows: ATl parameter values for
case 1 are initially defaulted to zero. The user defines any non-zero
parameters. These values are automatically used for each succeeding case
until reset with an additional card defining the new value. A simple
example is included after the card descriptions at the end of this section.

CARD 17 serves as an EOF terminator for CARD SET 16. It is always

included even if CARD SET 16 is omitted. CARD 18 controls the number of cases

precessed for the pressure data, integration, and wind tunnel options.

MJMBER OF CASES 18

EOF TERMINATOR 17

— =
SPECIFIC CASE DATA 16

Figure 13. Card arrangement for the case description data.
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If POP=0 AND WOP=0,

CARD SET 16 -

OMIT this card section.

SPECIFIC CASE DATA.

Required for wind tunnel option,
Optional for inteqration option.

This card set incorporates an automatic recycle feature. Only non-zero
value parameters need be defined and/or thereafter only if they change
for a succeeding case. Order does not matter as long as the case number
for any specific parameter always increases. The use of this card set
is clarified in the example after CARD 18.

v
.

10-19

g
FORMAT

I1

[2

F10.0

1

T
DESCRIPTQR_

CI

PI

PV

RIS
11
I 1
1.1

. EeLwTIon

Case index (1-9),

Parameter index.

: Angle of attack (deg).

: Angle of sideslip (deg).
: Dynamic pressure (psf).
: True airspeed (ft/sec).
: Alpha dot (deg/sec).

: CNA-airplane normal force coeff.
: Roll rate (deg/sec).

: Pitch rate (deg/sec).

: Yaw rate (deg/sec).

: Not used-

: Not used.

: Not used.

¢ Aileron deflection, &h' (
: Elevator deflection, &h (
: Upper rudder deflection (
: Lower rudder deflection (
: Left spooiler deflection (
: Right spoiler deflection (deg).
: Not used.
: Not used.

L | | I 4 O T 1 | | 1 | ¥ 1 A Y A | S VO ||

[5G J S Sy Sy I R U
DO N PR WNIEHEOWONITN D WN —

Parameter value for this case.

43



CARD 17 -

EOF TERMINATOR.

This card terminates CARD SET 16 and is included
even if CARD SET 16 1is omitted.

C-C__FORMAT | DESCRIPTOR 'R |S 1 W EXPLANATION
[ - f EOF ;x X X Ex 7-8-9 multipunch.
CARD 18 -  NUMBER OF CASES
c-c_pommar | oescrieror [ [s xTwl —  eeuaation
1 I1 NC X ?X X ! X | Number of cases in this run (1-9).

Note that if a decimal point is added
in column 2, this card can be used
with the pressure data files (CARDS
19-24) to execute the FLEXSTAB PDPLOT
program (Level 1.02 only).
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Assume the following 4 parameters are to be defined for 4 cases

to be processed by the wind tunnel

Case 1 : Qbar=1000 , =0 ,
Case 2 : Qbar=100n , a=5 ,
Case 3 : Qbar=1000 , a=0 ,
Case 4 : Qbar= 500 , o=0 ,

CARD SECTION 16-18 would consist of the following cards :

Example for the case description data -

option :

=0 , sh=0
=0 , §h=0
=0 , sh=-5
=5 , §h=0

CARD CI PI PV

16.1 1___03___1000. Qbar, cases 1-3
16.2 4 03 500. Qbar, case 4
16.3 2 01 5. a, case 2

16,4 3 01 0. a, cases 3-4
16.5 4 02 5. B, case 4

16.6 3 14 -5, 8h, case 3

16.7 4 14 0. 8h, case 4

17 778/9 B EOF

18 4, Number of cases

(case 1 defaults to 0)

(cases 1-3 default to 0)

Note that if the integration option were executed without the
wind tunnel option, CARD SET 16 would contain CARDS 16.6 and

16.7 only.
directly from the pressure data files.

Alpha, Beta, and Qbar values would be obtained
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6.5 Pressure Data Files (CARDS 19-24)

This card section is for the creation of the pressure data files. If
POP = 0 or 2, these cards are omitted. This entire card section is normally
punched by the FLEXSTAB SD&SS program (references 2-4). Current versions of
FLEXSTAB punch only thin body pressures, but slender body force coefficients
can be manually added to the deck punched by FLEXSTAB.

The card arrangement is shown in figure 14. CARDS 19, 20 and 21 are
identification and control data. The card sequence -CARD 22, CARD 23, CARD
SET 24- is repeated for each thin body. Within this sequence, CARD 23, CARD
SET 24 is repeated for each row on the body. Any slender bodies are added to

ANY ADDED SLENDER BODIES 22/23/24

22/23/24

FIRST REMAINING ROWS )
THIN BODY e '\EEROWS~ e
[~ PANEL DATA
[ FIRST ROW DATA 23 Il ‘
BODY DATA 22 | .
{  CASE CONTROL 21 |
| USER IDENTIFICATION 20 ‘__,///
CASE IDENTIFICATION 19 j
o
|

Figure 14. Card arrangement for the pressure data files.
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the deck using the same format as for thin bodies. (The slender body data is
analogous to a thin body with one row.) If any slender bodies are added, the
number of bodies entered on CARD 21 must be changed to reflect the total num-
ber of bodies now in the deck.

The entire card sequence 19-24 is repeated for any additional cases. It
is important to note that the pressure decks punched by FLEXSTAB contain a
"STEADY PRESSURE DISTRIBUTION" header card at the beginning of each case.
These header cards must be discarded from each case for execution in both this

program and the FLEXSTAB PDPLOT program.

If POP=0 or 2 , OMIT this card section.

CARD 19 - CASE IDENTIFICATION.
C-C | FORMAT | DESCRIPTOR IR 'S 11 ' W EXPLANATION
1-72 | 184 | cID X X X . Case title.
This title card is the same as input
to the SD&SS program. It is printed
as part of the page header for the
repunch, section, integration, and
’ o summary print options.
i oo
CARD 20 = USER IDENTIFICATION.
c-C | FORMAT | DESCRIPTOR [R 'S ‘1 1w EXPLANATION
1-72’z 18A4 UID X lx X | | User subtitle.
1 |
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CARD 21 - CASE CONTROL.

c‘_-_g”_ . FORMAT D‘ESCRIP_T‘QR_LM Bl wl ~ EXPLANATION
1-10° F10.4 f NTB XX Xi ! Number of thin bodies PLUS any
; : - | slender bodies manually added
1 " to this case,
11-20  F10.4 MR X X X  Motion reference.
‘ = 1.0 : Symmetric motion,
= 2.0 : Asymmetric motion.
¢1-30  F10.4 M1 X I T°  Mach number.
31-40 F10.4 Al X T 1 Angle of attack (deg).
b o . . . . . . . - omee]
41-50 F10.4 B1 X I 1 "~ Angle of sideslip (deg).
51-60 F10.4 Q1 XX X i Dynamic pressure (psf).
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The card sequence - CARD 22, CARD 23, CARD SET 24 - is repeated
for each body in this case (NTB times).

CARD 22 - BODY DATA.
|
C-C ! FORMAT | DESCRIPTOR (R IS ' I Yw EXPLANATION
1-8 2A4 CPBODY X X X Name of body (from GD program).
11-20 | F10.4 NAF X X X Number of rows on body.
(always equals 1 for slender bodies)
21-30 | F10.4 THETA X I 1 Dihedral angle of thin body (deg).
3 i | (blank or zero for slender bodies)

The card sequence - CARD 23, CARD SET 24 - is repeated
for each row on the body (NAF times).

CARD 23 -  ROW DATA.
C-C_| FORMAT ' DESCRIPTOR 'R 'S 1 W] EXPLANATION
1-10| F10.4 YR 'X} oy coordinate in Reference system
' ' of row centroid (inches).
R N . . . . i . -
11-20| F10.4 1 NPT § X X | X1 | MNumber of panels in row,
i i
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CARD SET 24 - PANEL DATA,

Contains NPT cards, one card for each panel on row, Teading to trailing edge.

C-C | FORMAT | DESCRIPTOR RS | I {W EXPLANATION

1-10 | F10.4 XC X/C , nondimensional x coordinate
of aerocentroid.

11-20 | F10.4 CPS XXX Pressure coefficient (ACP) due to
symmetric motion,

For thin bodies: If MR=1,0=symmetric
motion, CPS is used for both left and
right hand surfaces, so that CPR and
CPL need not be defined.{CPS=CPR=CPL)

For slender hodies: CPS is the
vertical force coefficient (DELTA
CP(ZM) from the SD&SS printout).
Applies to Teft and right hand or
centerline bodies,

21-30 | F10.4 CPR X 1X iX Pressure coefficient for the right
hand surface aerocentroid.

31-40 | F10.4 CPL X 1X X Pressure coefficient for the left
hand surface aerocentroid.

For thin bodies: If MR=2.0=asymmetric
motion, CPR#CPL#CPS, Note that for
a positive sideslip (nose Teft), FLEX
STAB sian conventions for a vertical
tail on the centerline (THETA=+90)
result in CPR being positive and CPL=
-CPR. Thus only CPL is used to com-
pute loads so that a positive side-
s1ip produces a negative vertical
tail Toad.

For slender bodies: CPR is the lateral
force coefficient, DELTA CP{YM), on
the right hand OR centerline body,

CPL is the Tateral force coefficient
on the Teft hand sTender body.

41-50 | F10.4 XR X X coordinate in Reference system of
aerocentroid (inches).
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7.0 OUTPUT DESCRIPTION

Output from FSLIP consists of line printer listings, punched cards, and
disk permanent files as described in section 4.2. Each of these is briefly
outlined below along with equations for estimating the amount of printed or
punched output.

7.1 Printed Qutput

Printed output is produced by 4 of the major program options as described
below. Specific details of the printed output are not presented here as the
printout makes generous use of headers and descriptors. See section 8.0 for
example output listings.

7.1.1 Geometry option.- If GOP = 3 or 4, the surface/axis data file is created
by using the FLEXSTAB GDTAPE. A printout is generated which lists complete
details of each integration definition including effective areas and arms com-
puted for each panel on the specified body. Any panels cut by the bending axis
are flagged. Total panel area outboard of the bending axis is also listed.
Details of any additional load definitions are printed out. An example of these
listings is shown in section 8.1. The amount of output can be estimated from
the following equation:

Number of pages = 1.5 * NSAD + NALD + 1
where NSAD and NALD are as specified on CARD 5

7.1.2 Integration option,- If IOP = 1, a printout is generated for each inte-
gration definition set true on CARD 2A. The listing includes a panel by panel
description of the integration process. After all integrations are performed,
any additional load definitions are listed. The printout is then repeated for
any succeeding cases. Section 8.2 contains an example of this printout. If
IOP = 2, this printout is suppressed. The amount of output can be estimatea
from the following equation:

Number of pages = (1.5 %= NSAD + NALD + 1) % NC
where NSAD and NALD are now the number of integrations and
additional loads set true on CARD 2A and NC is the number
of cases specified on CARD 18.

7.1.3 Wind tunnel option.- A printout is generated for each lcad station
showing the component loads due to each aerodynamic effect. An example is
shown in section 8.2. The amount of output varies from 1 to 5 pages per case
depending on which stations are set true on CARD 2B. The 5 stations consist
of wing, horizontal tail, vertical tail, forward fuselage, and aft fuselage.

7.1.4 Summary print option.- This option produces a concise summary of the
total Toads and coefficients for each specified load station for all cases
processed. If IOP = 2, this option must be used to print the total integrated

loads. The amount of output consists of 1 page per load station specified with
CARD 3.
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7.2 Punched Output

The only punched card output is produced by the GOP = 4 option. It con-
sists of a complete surface/axis data file which may be input using GOP = 2.
The format of the punched deck is described in section 6.2. The number of
punched cards can be estimated from the following equations:

For each integration defined with CARD 6:

Number of cards = NR + NP + 1
where NR = number of rows on body
NP = number of panels on body

For each additional load specified with CARD 10:

Number of cards = NT + 1
where NT = number of terms (CARD 10)

7.3 Disk File Output

Disk files produced by FSLIP consist of the pressure data files (TAPE 11
to 19), the surface/axis data file (TAPE 20), and the wind tunnel data file
(TAPE 40). The detailed format of these files is not presented as they are a
direct one-for-one unformatted copy of each card record. Thus the user is
referred to sections 6.2, 6.3, and 6.5 for details of the file formats.

8.0 EXAMPLE PROBLEMS

This section includes 3 example problems which illustrate the major program
options and suggested job sequencing. Section 8.1 presents an example of ‘cre-
ating the integration geometry data base using the FLEXSTAB GDTAPE for input.
Section 8.2 is an example which creates a revised geometry data base and wind
tunnel coefficient data base from card input and then executes the integration
and wind tunnel loads options. Section 8.3 is an example which executes the
integration option only using previously created data bases with minimum input/
output. All three examples are based on runs from the airloads research study
being conducted on the B-1 aircraft. Each section includes a brief discussion
followed by Tistings of the card input and program printouts.

8.1 Geometry Option Only

This example represents what would normally be the first job executed through
FSLIP. The only option exercised is GOP = 4 which will punch the integration geo-
metry for the B-1 airload measurement stations as defined in figure 15. Figure
16 shows the equivalent FLEXSTAB GD model which is composed of 7 thin bodies and
1 slender body. Note that the wing and vertical tail are both split into 2 sep-
arate thin bodies.

Integration axes are shown at the 8 Tload stations which were arbitrarily as-
signed surface/axis numbers 1 through 8, Separate vertical and lateral integra-
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tions are defined for the forward and aft fuselage stations. The additional
loads option is used to define 3 new loads (surface/axis numbers 31-33) for com-
puting total aft fuselage loads. First, the two vertical tail stations are sum-
med to get the total vertical tail root loads. Second, the horizontal tail com-
ponents are added to the aft fuselage to get total vertical loads at the aft
fuselage station. Third, vertical tail root and horizontal tail components are
added to the aft fuselage to get total lateral loads at the aft fuselage station.

Note that the wing integration applies to WINGZ2 only. The geometry sub-
routine will compute effective areas for all panels outboard of the Xp axis,
but it was desired to neglect the area of the two shaded panels to account for
the nacelle and fairings. For this reason, the punched deck from this job must
be modified and resubmitted with GOP = 2 as shown in the next example.

LW, RW - left and right wing

BP £239.779 in,
FS 1161.871 in,

WL 9.107 in.

LHT, RHT - left and right horizontal tail:

BP +10.75 in.
FS 1582.0 in.
WL 126.0 in.

UVT - upper vertical tail:

WL 136.56 in.
FS 1582.0 in.
BP 0.0 jipn.

VTR - vertical tail root:

WL 75.0 in.
FS 1535.56 in.
BP 0.0 in.

FF - forward fuselage:

FS 528.5 in.
WL 32.0 in.
BP 0.0 in.

AF - aft fuselage:

FS 1337.5 in.
WL 34,0 in.
BP 0.0 in.

Figure 15. B-1 airload measurement stations.
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Thin bodies:

54

1 WING1 2 rows, 10 panels
2 WING2 9 rows, 45 panels
3 HORZTAIL 6 rows, 30 panels
4 VERTTAIL 2 rows, 10 panels
5 VERTTIP 6 rows, 30 panels
6 PLATE 1 row , 4 panels HORZTAIL
7 CANARD 1 row , 2 panels
YA THINGZ A{,/"'
® iWINGl/ e
CANARD ﬁ_____-’////" /////
A —
— T — — i Xy
YA
Stender bodies: v &(:)
1 FUSELAGE 1 row , 20 panels @F
¥ v, (8) Z7 7
@4(‘ b VERTTIP 4‘. 17 7] ;
FUSELAGE L VERTTAIL 4/‘%7477 A
! — > X
—> - A
e e — Y T T 7 I S
—t T
t

PLATE

Figure 16. FLEXSTAB aerodynamic model of the B-1.



Card input listing for example 8.1

CARD 1 2 3 4 5 [} . 7 8

N7 1234567590123¢56799U123#5678901234567&90123456789u12349078901234367E901234567890
1 GOP 4 PP 0 Pae O S0v 0 1P 0 wLe 0
2 SUMBARY PRLNT TEEMINATOR
2 08 NSAD 03 NALD
4 1 WING - §G AXIS WING2 3 0 S 1946410 82ve08 184,05 170,85
5 116137 239,92 63452 .
6 2 HykiZ TAIL = SG HORZTAIL 3 9 6 238477 259.03 149.33 132474
2 1532400 10.75 . JeuD
2 3 VERT TAIL = _SG_ VERTT1P 3 1 6 2647440 206476 188495 172,30
9 1582, 136450 5.‘.\,‘3

10 4 VERT _TAIL —-_ROQT VERTTallL 3 1 Z 47640 2UbeTH 188.95 172.30C

11 1533.7(} 75400 ‘UQOJ .

12 5 FWD FUS SG_VERT FUSELSFGE 1 1 1 1946.0D £2060¢ 184,45

13 . dedD 5235450 228450 140G

14 6 FWD FUS 56 LAT FUSELLGE 2 1 1946400 820.08 184,05

15 n-i‘\c_ 5284 30t 523e54 l.Cu R

16 7 AFT FUS SG Vc&Y FusELzGE 1 1 1946.10 820.08 164.05

17 Lig.’os"\) _lSuD,’)L‘ 1.33(02-2 =100

1’2 3 T FUS 3G LAY FUSELaGE 2 1 i 1946400 82L.08 184,05

19 1337.50 1804400 1337454 -1.0U

29 81 VY ROOQT TCTAL ¢ 1 & 247440 20647€ 188,95

21 i 3001 .00 6ie56  =4oe44

22 93 3 2 Jeu0 1«00 VG0

212 03 3 3 2¢9C Neut 1.00

24 04 3 1 140 Yol Vel

25 8"? 3 2 e 0V 100 velOl

26 4 3 3 Jeuht Qevidd leGU

27 32 AFT FUS SG6 V-TOT 4 1946.00 820G.08 184.05

29 A7 3 4 ae U OQVQ 0,00

29 )7 3 2 Je D lewv Jeul

39 12 1 1 Le VU 24445 Jebl

311 4 2 L.;}b 244453 Wenl,

32 N2 1 3 Ve 00 -1le0V Vb0

33 19 ? 3 Ve LU ~1.00 Oeul

34 33 AFT FUS SG L-TOI 4 1 1946400 820408 164405

15 08 3 1 14138 JQOJ Qeul

1h 03 3 2 Jeyl 1400 V.00

37 038 3 3 VeV Ue ieV0

38 31 3 1 Leid0) 198ewd 4lede

39 31 3 2 DeNv Jedy 1.¢

4N 37 3 3 YeDJ —leibs? Vowtd

41 02 1 1 0 JeUO 10«75

42 Q2 2 % Je Je Uy -10479

43 02 1 Deud Je v 1eliv

44 Q2 2 2 0. 00 Ue00 -1.,00
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Program output listing for example 8.1
SECMFTRY QPTION = 4

8 SURFAZE/EXIS DEFINLTLILS Tw 8E CUMPUGED

NSTA TLEXSTAB GNTAPE Fite 1

CASE ID = Bl aAR3 GD=2Ce0seb6T7e5W3

. o

HSER ID = MAZA/JOFRS 6d8 STHS EXT 308
te

UNITS OPTION =  INCH

3 ADDITIMaAL LOADS TU Be UEFINEDL

AND PUNUHED



SURFAZZ/AYTS NUMASR = ) SURbAvE/AXLS NINE = WING = 4G AX1S GC 8LUY NaME = WING2

INTEGOATTIN Tyt CUDE & 3 SRcF 4 19404900 BREF = g2t.Cc80 CFEF = 184,050

BANY TYPE CODE = 3 SYAMETRY CCDE = QOFF
NUMBER QF ROWS =» g THETA = =1,54 C[EC
THYSGRATTYIN AXIS NeFINITLION CRIGIN AT XN = 1161,670
YN = 2394920
SWEEP aMNCLE - 034520 DEG
AW DATA
NIMZQ N WUMBEL OF PANELS
1 1564323 5
2 278,439 5
3 2454245 5
4 283,220 5
5 3124775 5
L) 347,552 L
7 387,246 5
2 4234704 5
9 4564299 L]
PANSL MATA
moey A? sA=1H2 BARM=TN TaRM=1N
1 1 3e0)) 0.000 0,000
1 2 VeN3J° Je ol e tluY)
1 3 J+ 009 Qe 00C 0,000
1 4 614,071 94239 » =-7¢.201 CUT PANEL
] S 443,684 23e2u7 -lu9.02% CUT PANEL
2 1 JeONO 3090 0 Gud
2 2 JedN) Celun Leiol
2 3 2424559 9.391 =23.688 CUT PaheL
2 4 24994882 37¢ 4606 =suell2 CUT PANEL
2 5 3073.947 984193 =E443951
3 1 2092 Ve Uy Jeluh
3 2 3484747 124541 13.358 CUT PANEL
3 3 2139,754 39.€54 -11.371 CUT FANEL
3 4 26484773 37.892 -42,815%5
3 5 26194773 1644927 -7€4199
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PAMEL DATA

Ti{ncY

[T - T - e - v -] N~ NN P> r0> AWM AR NN IR R
1w N (ST NN RS NI NS NN J BN~

o I I e N « B}
Ut e e

TITAL AREA

58

anEA=T22

792.891
22294513
2389,.686
2389,0635
2333.,636

186354969
12654609
166354559
18654569
18654959

22264145
22264145
22294145
22264145
22250445

19)4,691
19449691
1904,691
19U%he 691
1904,691

12164113
12164113
1215.113
12164113
12164113

397,976
397.976
197.976
3974676
397.976

66499.123

Banii=Tt

19,5986
590026
au7.243
1634424
2294 565

£0s501
1c2461lc
179,323
2344435
259 7406

1544478
2044366
2544258
340148
3%4,03¢%

2544436
297.681
3494627
3844473
427448

243,147
3744694
4y5. 042
4354990
4664538

4184302
431449¢
444,639
457.883
4716476

Takh=3iN

4te131
¢1.195
‘&.399
~3E4 €66
-£G4332

4840067
200315
'7-438
-35.190
=£2sG48

43,295
l8.442
=tetll
'310263
=5Ee116

27847
1€e3004
-£.238
~cbeltl
-48,324

344,387
184570
34554
=116¢63
-27e¢79

33030
260458
19,880
134313

6e741

CUT PANEL
cUT PaNtlL



SURSALI/IANTS NUNRER = 2 SURFACE/LXLS ~Némb = HUKLZ Jaal = SG GO BJUY NAME = HORZITAIL

INTEAI\TINY TYPE CODE = 3 SKEF = 386774 BREF = 2594030 CREF = 169,380
BINY TYIC IINE = 2 SYMMELRY CDUE = (fF
NUM3ED Q2 2S5 = ¢ iHeYi = le0v CEGC
INTEG2ATT I 4XIS DEFIILTLON CRIGIN A7 XN = 1582.,0uf
YN = ive7ik
SWEE? AMNGLE - VUe000 DEG
ROW DATY
LIREEE] YN NUMBER QF FAMELS
1 2i+5ub 5
2 68.120 5
2 1156.862 5
4 164,204 5
5 237,859 5
6 2994416 5
PANZ! DATA
™ary AREA=-1N2 BARM=IN TARF=IN
1 1 1263.13% 164236 £44720 CUT PaMEL
1 2 1243,.,184% 160236 164441 CUT PaNEL
1 3 1253,184% 164236 -22.438 SUT PaMEL
1 4 1253,184 156230 =-€leul? CUT PANEL
1 5 1263.184 162306 =594595 CUT PAREL
2 1 17654972 574370 23e70U5
2 2 17654972 £T74370 =11.330
2 3 17654972 57.37G =~4€.365
2 4 1765,922 57e37¢ -&ls400
2 5 17654972 57370 -1164435
3 T 14954099 106.112 -16.683
3 2 14064299 1066212 ~4€,566
3 3 L4640 39 1269412 =7Ls649
3 3 14064099 1964112 -i064832
2 5 14056,099 1064112 =12¢4815
4 1 1199.7)2 1534454 =£64300
4 ? 1199.732 1534454 =tae30l
4 1 1199.792 153,454 =1C64457
5 4 1199.792 1534454 =131,533
4 5 1199,792 153,454 =15¢.610
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DANTL NI4T

TATAL A"A

60

™MNEX

AN AR A
B I BTSN

PO D>
IS IS R A

ARp\=-T142

7934922
733922
7984922
7984922
798.922

725,942
7254942
7254942
725.942
7254942

35799,106

Bwnbr=1}

19743409
1974109
497,149
1974109
1574109

236,680
€38466¢
2384 656
<3B84668
232.€86

Tahk=1k

=G52.€96
-113,204
-133476%
=315642.1

- 1494863

‘1270261
=14343506
=129,75y
~175695%
~+524239



YREAACIANTT tUBRER = 2 SUR ~AwE/AX LS HaME & VER) TAIL - S6G GL BulY MikKE = VERTTIP

THYSGRATY Y TYRy C{DE = 3 SKcF = 2474410 BREF = 2064760 CREF = 1684650
AQNRY Ty3z TIVE = 3 SYMrcy]Y CLbDE = CN
HUMIFD 17 24S =« 6 THETA = 9¢eud LEC
I¥TEGPATTIN AXYS JEFTAITI OKAGYN &Y XN & 1582,0G0
YN = 13¢€.260

SWEEP AAGLE

wvedult DEG

PIW DATA
MyMaz Y NUMSER UF PAMELS
1 1374790 5
? 1524245 5
3 L84,4,576 5
4 2134878 5
" 2424432 5
A 2694123 5
2ANFL NATA
™neEY AREA=-INZ BARM=~1IN ThRM=1N
1 2 553150 94653 494133 CUT FahEL
1 3 33364159 649653 74564 CUT PAMEL
1 4 5534159 64653 -33,206 CUT PANEL
1 ) £%3.158 0s653 -7644375 CUT Pahel
2 1 94042839 254685 £8.034
2 2 9494289 254 €85 306376
2 3 9434299 254 685 ~7e2b3
2 4 947289 254685 ~44,54¢
2 5 9404289 <5e€05 =-£Z24600
3 X 6534299 484016 41,906
3 2 6534392 43,216 0366
3 3 6534392 4%.016 -254173
3 4 693439) 48.946 -:Ee1d2
2 5 55343990 484016 -G24252
4 1 G71e479 T4e31E Lael3¥
4 2 971,476 744318 =17e557
4 4 A71e472 744316 -74.932
4 5 9714470 T4431¢ =-103.619
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DANET NATA

.\l qcx

s n s
SRRV IR N

6 1

€ 2

o) 3

b 3

6 5
TATAL ARFEA

62

AREA=IN?

666096
E53e 196
bo 1e w935
€E6.3,090
660,096

433,431
433,031
433,731
4334031
4334031

213574132

DARH=IN

lunet72
1054672
1i94872
iuﬁ. 572
1756872

1326203
1326563
1324505
1324563
£32.563

-117.257

=5TeudN
-740903
=524 G40
-13C.€49
~-1284792



SHREASS/ANTS MUMITIR = 4 SURFAaLE/AX25 NAML & VOkT Jail = RUNT GD BulY NAME = VERTT#IL

THTEGRATT I TYPE ALDc = 3 SKREF = 2474439 BREF = 2ube76¢C CREF = 1€8.9%
RICY Ty2: 270 = 3 IYAALTRY CLUE = (N
NIMIFR )% 9IWS e 2 THETA = 9¢.u)  CEG
TUTZAOATTIN XTI DEFINTT Lui GRIGIN AT XN = 1535,56¢C
YN = T5eC0C
SWEEF ANCLE - 0.00C OEG

20V AT

LR EX] YN AUMBER OF FANELS

1 96,566 5
2 L17.9v4 g

PANEL OAT}

MNEYX AEA-IN2 BaRM-IN TARR=IN

1 1 1217.063 21e566 G8.032

1 2 12i7.v63 214566 484322

1 3 12i7,063 21.566 -1.387

1 4 1217.063 2le 506 =2ie097

) 5 1217.053 21.5h6 -1iGuve 806

2 2 7834196 42,404 28,029

? 3 7924196 42 414 =-17.882

2 4 7814196 4ce494 =-€3.794

2 s 7324196 4o 404 =14S5e 795

TITAL AR=A 99864297
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SUPRPATEZAYTIR JUMHER » 5 SUKFACE/ZaXlS N#ME = FWL FUS SG VERT GU BULY MNaME = FUSELACE

INTEGPATIYY TYPZ CADE a | SkDF = 194640y ERcF = 8L etC (FEF = 1844650
BIDY TVvIF 2I0E e 4 SYRMETRY CODE &« ONh

NIMRIER I RIWy =}

INTEGRATTIN AXIS NEFINITION FORWARD LIMIT 21 AR = Lot
AFT LIMIT AT X2 = 5264500
HaOMERTS LURFED ABCLLY XR = 52845 U0 FOSLYIVE = NDSE UP
IOW NATA Y = Vedd MUKBER OF PAKELS = 20

PAMEL NATY

rancy AREA=TH2 BARM=IN TAPN=IN
1 1 273L 4006 46252 VelLY
1 2 56774311 373.€20 G.G00
1 3 74344352 co5. Gyl Ce QU0
1 4 GN744412 1964 49y Geld
1 5 19341.,92% 107, €00 G« C0O
1 5 3684122 31.75¢ GelUeN
1 k4 Ne*uD vew )0 0.000
1 3 Ve i) 74 UNG veguld
1 9 0.0V Ne DO Ce QLN
1 19 PRV ) Je O 6,000
1 NN 04020 0.000
1 12 Vo lw?) [APPVNT ) pelVD
1 13 34000 J.000 G000
1 1% JeNIY 34000 Ge 00O
1 15 Jeists e LG Gt}
1 14 Ue 000 VeudO Ce00U0
1 17 Jeud) Goeuul YY1
1 13 Je M) 0.0V0 C.,000
1 13 De23M DeuN Ye OUD
1 29 D)o DU Ve 0OV (o008

FOTAL A=) 4331i7.077
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RNMREATS/INTS HUMAER =

TMTTGPATIOIMN TY®RE (NDE

33pY TY"3 2702

]
-

NIMRIER A€ PSS = ]

e}

TMTIGRATTI AXLIS DEFINITION

ANW DATY Y »
PANEL DATY
TNDEX AREA=-IN?
1 1 2731.,036
A 2 56774314
1 3 T49%e3)2
1 4 9MNT4.412
1 5 10341 .924%
1 .} 84884122
1 7 02D
13 a6
1 9 2.000
bR B DeMID
1 1 Detk)
1 12 24000
1 13 Je B3
) A Jelu?
1 15 D200
1 15 Je0IQ
PR 4 Jeliyd
1 13 e 0%
1 19 Bl
1 72 J.0092

TATAVL VRSN 43317.077

VedUd

SURFACE

SKiF =

SYMMETR

FURW

BUMERTS

MUMBER OF FANELS = 29

BARN-IN

4624230
373686
2E541300
1964430
157,890
34750
Ve OV
u.ﬂuO
0.090
Je £J0
Ve liut
Le0OUL
JeUUD
0.090
G070
Qe udU
0,000
0,020
JelJ AN
0,000

JTaric> WEME = FWD FLY

1946600 B

Y ¢LDE = N

WRD LUMTIT &Y
wFo L1Mad MY
SUMMEUY &BCLY

Tokn=1N

0.CUO
LeGOD
Ce0VO
Ve GUD
CeUuUO
0,000
G000
Lekiud
ue CUO
0. 0LO
Cebiuid
Qe Uub
Led00
€,C00
Ve NOD
Couud
GeCOO
geCun
Leli0
GeCWO

EF

XK
XR
XR

$G LAT

B8cleQEC

V000
5284500
2284500

GU BCLY MNaki s FUSELAGE

CPEF = 1844050

POSITIVE - NOSE RIGFT.
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SULIALT/ALTY NUARER =

THTEGPATIIN TYPE FODE =

3I0Y TYY CUIE = 1}

1M = 3T PNYS =« ]

7

'y

THTSGRATTIYY AXIS OEFINTTION

RINW NATA Y =
PANSL OATA
™MosY AREA=INZ
1 v Jead
1 2 Je DI
1 3 0,009
1 4 24399
A 8 Vewd)
1 b ] QNN
1 7 Je LU
1 ] Yo us)
1 9 DeD3
? 1 Uew)
1 1t Y000
1 12 24030
1 11 V4 000
1 % 0,000
1 1= 1232,337
1 15 798243238
1 12 78254229
1 13 76464130
1 19 5779294
129 873,989

TIITAL ARE%A 32344.415
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04900

SURFACE/ANLS naNE = aFT FUS SG VERT

SHEF =

SYMRETAY CLUE =

~F4640C0 Bh

CH

FCRWARD LIMIT &)

AFT L1INIT &Y
MUMERTS SURAYEL w30CUT

EF =

xe s
AR =
XR =

hNUMBeR OF FPANELS = 20

BARN=IN

3. 000
Je U
V4090
e LG
Je 000
Je Iy
Ve GUO
Do wdii
OeUNU
Ve 0L
0.0u0
Veuul
Ue V0
J+090
6e75¢
57630
146,430
235,004
3234840
€12.290

TaRN=IN

0+0090
1) oo
GelUO
CeQud
0.000
vedud
Go 0D
0,000
vetlud
Ueud
Velul
2,000
Yeuud)
CeluD
9.»&3
0.000
G.UUO
CeGUN
Ce 000
Ce LD

32UeL 50

1337.56C
1ot ednk
13374500

GD odulY NaNc = FUSELAGE

CREF « 1844050

PUSL1IIVE - TAIL U?



SURTAZZ/ZAXTS HUMRER = 3 SUKFACE/ZAXLS (4 ME = AFT FUS SG LAT
TUTEGR2ATTAN (YPE (OULE = 2 SREr w 1946430V BREF = 82C 80
3anYy Tv2E S0 e 1 SYMNESsY CCOE = ON

HUMIER 1% W, =

INTEGOATTION AXIS OEFTHITilUn FUKWARD LAMIT AY XR
AFT LiMiry A7 xR
BOMENTS SURNMED aBLUT XR
ANW DATA Y = Ve dud aUMBER UF FPANELS = 2)
DANCY NATA
INEX AREA=IN2 BAxn=-IN TAFN=1Y4
1 Vet Oer0d 04000
1 2 J«0D0 veuuld veQuf
1 3 J¢000 0.C00 Ge Gun
1 4 ey eI Ve
1 5 Ve HON D000 GeQuld
1 o) Je N0 Je sU0 L olind
1 7 N0 0.090 UeQuUO
1 2 24299 Doyl 0000
1 9 Ue UMY ye GuN Vel
1 1009 Ve QU0 Ce0UD
1 etV )) Ve uG C.du0
LI A e AT VIVA) GeluO
1 13 Je032 ve 0050 Ve £V
1 14 Ve0UI Ve DO CeCUD
1 1S 12324337 e 750 Coul0
1 15 7982.328 ETe200 Conui)
1 1 78254329 L4644t Aound
1 18 764641890 2354090 CeCOGO
1 19 57794231 3234630 Ve200
1 29 1673,989 4124290 Geuvwd

TRTYAL AREA 323444415

13374500
1800.0C0
1337450

GU BuDY MAME @ FUSELAGE

CREF = dt4ei 50

PUSITLVE = TAIL RIGHY
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ANDYTIVIAL 1 GaDns

SHR=ASS/AXTS

TNTEGRATTIN TYFE CCULE

SYMAE™Y JOME =

13TTIN

AUMBER = 31

ON

CAMYIPIENT NEFTRITIGH FDR

TEIM

O AW\

68

TH0ICES
3 3 1
3 3 2
3 3 3
4 3 4
4 3 2
¢ 31 3

SUTFLCE/AXLS HAYME = VI RuUT TITAL

4 SHEF » 247,403

hUhBER JF TcfMy & 6
CENTERLINE LGaD

COMPINGHT DESCRIFTALON
VERT 1a:L - 46 L
VeRT Ta.iL = S6 tL
VERT TAIL - SG CcL
VERT TAIL = RLAT cL
VEKT Talk = RO3T L
VERs TALL - &iOT cL

o4O L~

BREF =

V FACTUR

1040
Ve0u0
Je000
14000
e £ID
0.000

2t TEU

B FACTUK

€le 564
1.€0C
Ge3J3
0.090
1.¢600
de QU0

ChEF =

T FACTOR

~464 440
0.C00
1.800
0.600
J.C00
1.C00

iEB.9E0



ADDITIMAL LAa0> OFTION
SUPFARE/JAXTS NUHBER = 32
INT.GRATIIN TYPE CODE =

SYMIETRY RONE »

SOMPONENT NDSFINITLON FOR

TERM

[ RO RN Ve

TNQICES

N VNIV NN

DSl S N o TURPY

W r N

ON

4 SheF =

NUMBER JF TE

CENTEKLIKE

19464440

RNS =

LOAD

6

COMPUNENT DEoCRLPTION

AFT FU3 $G VERy
AFT FUS $G VEKT
HOXIZ VALl ~ ¢G
HGR1Z TAlL = $6
HURLZ TAIL - &G
HOR1IZ Tasl - $6

cL
cL
LH
RH
LH
RH

- <D<

BREF =

V FACTOR

14000
0000
1.060
1,00V
L PS VD]
Qe UV

SURFACE/AXIS NAME = AFT FLS SG V=-TCGT

6204080

B8 FALTOR

Ge0NG
1.C00Q
2444500
2444520
-1.800
=.e008

CREF = 184,050

T FACTOR

0elul
UeQ0I
Je 00
QeCOC
JeOLQ
Je )



ADDITYINAL LOAODS DPTINN
SURZACS/AXTS NUNBER = 33 SURFACE/AXLS NAME & AFT FUS 56 L-1CT
INTEGIATTIN TYPE CUDE = 4 SREF & 19464000 BREF o 8204080 CREF = 184,050

SYMYETRY CNYE = ON NUMBER OF TERMS = 10

SOMAPONENT NEFINTILIAN FOR CENTERLINE LLCAD

TERNM TMDICES CUKPINENT DELCRIPTLIUA vV FACTOR B8 FACTOR T FACIOR
1 3 3 1 AFT FUS SG LAT cL v 1.009 J4000 04000
2 8 3 2 AFT FLS SG LAT cL 8 J.0u0 lekv9 Ve dUY
3 83 3 3 AFT FUS SG LaAT cL 7T 0.000 veCO0OQ 1.000
4 31 3 1 VT ROCT TOTAL cL v leduy 1984600 41.000
5 31 3 2 Vi RUUY YITak L 8 veOUY Yol 1.400
) 3t 3 3 VT ROUGT TITAL 7 | 04000 -1400C Q.00
7 2 1 1 HURLZ TAIL ~ §6 LH Vv UeCGD CellC 10.750
8 2 2 HORXZ (AIL = $SG RH V¥ 0.000 G.000 <1075V
9 2 1 2 HGxIZ Tail - $6 LH B Jde GUY Ge00¢ 1,000

10 2 2 2 HAR4Z T4iL - SG RH 8 0.000 Ve biud =10tV
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NE A SEAPE Je4 42 DLL7 Chk G G7/23/81
14478415.3LF5141  FRNM
1478405472  0033)384 WIKDS = FILE TNPUT , DC ub
L4 e718a 18 183, T777sFTN»1462,
L2 o) M7 ATTACH(LGU,)$FSLIP335, iDnSINSsMRe1)
T4438.0184PF CYCLE NLe ® yI1
V4o NReNB,PADSE, FLEASE NLUKRT FRCO?7
14 eV9e234GN4
L14619,25,MYINT(VENSFRCHT 7y SNuiLKFL)
14 409,129,167}
L% o110 %M YUNTED VSNefFRCG77,5MaFLKF]
V422,654 ATTACHIGUTAPE ,$B1 Gu=2U5,10=S1AS,HRaL, SN
1441148, FLRFY)
V4411645.P% CYCLE NOo = 092
144114474 CI2Y(GDTAPESTAPEID)
1441148 .M\ (OFF)
1491l Lei834LG{PLuL0AA))
IS5 e57447,1 STu?
156576 40! 24817 C? SECNONDS EXECUTILA TINME
1569704977 N0092816 WURUS = FILE QUIFUT » DC 4Q
15637.4%.N%  0ud31344 WIRDY = FiLk PUNCH » GC p¥Y

125 ¢57447,024 24874 SEC 24874 aADJ,
1%9457+43,£23 34696 SEv, 3606 ADJ,
1565749723 10162 SEC, le162 ADJ,
1845764704 2706049 KWSe 164482 ADJS
15437.50,5¢ 244125

15457440 PP 94419 SEC. DATE 08/i0/81

I'3457eYES ENO OF JJBy %%

KGR EBRRANE BLFS141

/1711 ENV QJF LIST 72417
(ER X T LY 31FS14s /

'y
/47 EXC OF LIST 7747
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8.2 Integration and Wind Tunnel Options

This example creates the revised geometry file with GOP = 2 and the wind tun-
nel coefficient file with WOP = 2 using card input. For brevity, only 1 pressure
case for an asymmetric flight condition (a=0, g=+8) is input on cards with POP = 1.
The integration and wind tunnel loads options are then executed for all load
stations. In addition, comparisons for 6 selected load stations are output
using the summary print option.
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Card input Tisting for example 8.2
NJ
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8.3 Integration Option With Minimum I/0

In this final example, the geometry file and pressure data files already
exist (GOP = 1 and POP = 2) so the card input is at a minimum. Output is mini-
mized by executing IOP = 2 for symmetric flight cases where the aircraft is
trimmed at 4 different load factors. Output for the vertical tail and lateral
fuselage stations is suppressed with CARD 2A. The wind tunnel option is not
executed. The only printed output is generated by the summary print option for
the wing, horizontal tail, and vertical fuselage stations.
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